A new immunochromatographic rapid test, POC PUUMALA (Erilab Ltd., Kuopio, Finland), for detection of acute-phase Puumala virus (PUUV) infection was developed based on a highly purified baculovirus-expressed PUUV nucleocapsid protein antigen and lateral immunodiffusion techniques. After addition of sample (5 l of serum, plasma, or fingertip blood) and buffer, PUUV-specific immunoglobulin M (IgM) antibodies, if present, together with the gold-conjugated anti-human IgM, formed a specific colored line in 5 min. The sensitivity and specificity of the test were evaluated with 200 serum samples and 30 fingertip blood samples. The reference method for the serum samples was a -capture enzyme immunoassay (EIA) for IgM and an immunofluorescence assay (IFA) for IgG antibodies. The analytical sensitivity and specificity of the rapid test were 100 and 99%, respectively, for unfrozen serum samples (n ‫؍‬ 103; 12 PUUV IgM-positive samples). When freeze-thawed serum samples were used, the sensitivity and specificity were each 97.1% (n ‫؍‬ 70; 35 PUUV IgM-positive samples). The specificity of the test was 96.2% for 27 serum samples with nonspecific IgM antibodies or rheumatoid factor (RF). The fingertip blood samples (n ‫؍‬ 30) were negative, but they gave clear positive results when spiked with IgM-positive sera (n ‫؍‬ 20). The results were in good agreement with the standard diagnostic methods. The rapid performance, the lack of need for refined laboratory equipment, and the high specificity with fresh serum and fingertip blood samples indicate that the developed POC PUUMALA rapid test is a useful tool for fast diagnosis of acute PUUV infection.
Hantaviruses are rodent-borne RNA viruses that belong to the family Bunyaviridae (28) . Their genome is negative stranded and tripartite encoding an RNA-dependent RNA polymerase, two envelope glycoproteins (G1 and G2), and a nucleocapsid protein (N) (24) . In humans, hantaviruses cause two distinct diseases, a hemorrhagic fever with renal syndrome (HFRS) and a hantavirus pulmonary syndrome (9, 15, 17) . In Europe, two hantaviruses cause HFRS, Puumala virus (PUUV) (5) and Dobrava virus (DOBV) (3) .
Nephropathia epidemica (NE) is a mild form of HFRS caused by PUUV. The virus is transmitted to humans from the excreta of the chronically infected carrier rodent, the bank vole (Clethrionomys glareolus) (5, 24) , most probably by inhalation. PUUV is the most common hantavirus in Europe, and the bank vole is found all over Europe except in the Mediterranean coastal regions.
PUUV causes a generalized infection with acute onset and variable severity from mild to life-threatening. Common symptoms of NE are fever, abdominal and back pain, headache, myalgia, dizziness, anorexia, vomiting, visual disturbances, and signs of renal dysfunction. Proteinuria, leukocytosis, thrombocytopenia, and elevated serum creatinine levels are typical laboratory findings. NE has an incubation period of 2 to 4 weeks (22, 26, 30, 31) . In a series of 126 Finnish NE patients (22) , 5% had hemorrhagic complications, 2% had acute perimyocarditis, 6% were treated with hemodialysis, and none died. NE is the most common cause of acute renal failure in Scandinavia (27) . Mortality due to PUUV infection in Finland is less than 0.1% (6) .
The laboratory diagnosis of PUUV infections is based on serology. Shortly after the onset of illness, immunoglobulin M (IgM) and IgG class antibodies to PUUV become detectable. In rare cases (Ͻ2%), PUUV-specific IgM antibodies may remain negative up to 5 days after the onset of illness (14) . It has been shown that the N protein is the main antigenic target of the human antibody response, and the early IgG antibody response is directed predominantly toward this protein (16) . Positive PUUV IgM or low avidity of specific IgG is diagnostic of acute PUUV infection. Due to the low level of viremia during the acute phase of NE, reverse transcription-PCR of blood or serum for PUUV RNA is positive in fewer than two-thirds of the patients (25) .
For serological diagnosis of PUUV infection, traditional immunofluorescence assays (IFA) (5, 13, 29) have been widely used in clinical laboratories. Several enzyme immunoassay (EIA) methods based on recombinant antigens have been developed (7), but only two are commercially available, from Progen (Heidelberg, Germany) and from MRL (Cypress, Calif.). All the currently available serological tests require laboratory facilities with trained personnel and at least a 1-h testing time.
In this article, we introduce an alternative to the conventional methods for the diagnosis of acute PUUV infection.
MATERIALS AND METHODS
Samples. This study involved four different panels of serum samples. Serum samples in panels 1 and 2 were collected from sera received for the determination of PUUV antibodies at the Zoonosis Unit, Department of Virology, HUCH Laboratory Diagnostics, Helsinki, Finland (a World Health Organization Collaborating Center for Arbovirus and Hemorrhagic Fever Reference and Research). Panel 1 included 103 nonfrozen serum samples from June 2000, which were analyzed by POC PUUMALA and the reference methods at the time they entered the analyzing laboratory. Panel 2 included 70 previously collected and analyzed (by the reference methods) serum samples from February 2000 (35 PUUV IgM positive and 35 PUUV IgM negative) which had been stored at Ϫ20°C. Five of the PUUV IgM-negative samples were PUUV IgG positive, representing old immunity. Before analysis by POC PUUMALA, the samples were thawed and recoded.
Fingertip blood samples in panel 3 were collected from 30 healthy volunteers (8 males and 22 females, aged 23 to 53 years). Samples (5 l) were analyzed immediately at the sampling place. The samples were transferred from the fingertip to the sample wells of the test cassette with an adjustable pipette. The sample donors were interviewed for possible symptoms of PUUV infection during the last year. Other relevant issues such as age, sex, marital status, and other diagnosed diseases were also documented. Two urinary tract infections and one coxsackievirus infection were reported. For artificial positive blood samples, fingertip blood from one individual was spiked (1:2) with different IgM-positive sera (n ϭ 20). Immediately after spiking, 5-l samples were analyzed by the rapid test.
Serum samples in panel 4 were collected from Kuopio University Hospital, Kuopio, Finland and frozen until tested by POC PUUMALA. Panel 4 (n ϭ 27) included sera with RF (n ϭ 5) or specific IgM antibodies to human parvovirus (n ϭ 1), rubella virus (n ϭ 8), dengue virus (n ϭ 2), Sindbis virus (n ϭ 5), or measles virus (n ϭ 6). Two RF-positive serum samples were also PUUV IgG positive in the reference test. Four RF-positive but POC PUUMALA-negative samples were spiked (1:2) with PUUV-specific IgM positive sera and tested immediately by the rapid test.
Reference methods. An IFA (13) was used as the reference method for detection of PUUV-specific IgG. This test is based on a mixture of PUUV-infected and uninfected Vero E6 cells which are dropped on slide spots, air dried, acetone fixed, and stored at Ϫ70°C until used for the analysis of the serum samples (diluted 1:20), using fluorescein isothiocyanate-conjugated anti-human IgG for detection. For the detection of PUUV-specific IgM antibodies, a -capture EIA was used (14, 33) . The test is based on a baculovirus-expressed PUUV-N and a peroxidase-conjugated monoclonal antibody (1C12) to PUUV-N.
Production and isolation of recombinant nucleocapsid protein. The coding sequence for PUUV Sotkamo strain S segment, cloned in plasmid pACYM1, was used for transfecting Sf9 cells together with wild-type baculovirus DNA, as described previously (33) . After repeated infection cycles on monolayer cultures, the cells were mass cultured in stirred suspension cultures. The cells were pelleted by low-speed centrifugation, washed twice with phosphate-buffered saline containing protease inhibitors (Complete protease inhibitor cocktail [Boehringer, Mannheim, Germany), and stored as a 50% (vol/vol) suspension at Ϫ70°C. PUUV-N was isolated from the thawed suspension at room temperature by stepwise urea extraction with 3.0 to 8.0 M urea solution. The protease inhibitors were included in all solutions. The cell suspension was washed three times with 3 M urea in 0.05 M Tris-HCl-0.05 M NaCl-1 mM EDTA (pH 8.0) (buffer A), with careful suspension and pipetting between centrifugations. The centrifugations were performed with an RC-5B refrigerated centrifuge (Sorvall, Newtown, Conn.) for 15 min at 15,000 rpm (20,000 ϫ g). After the washes with 3 M urea, the pellets were suspended in 8.0 M urea in buffer A. The volume of the 8.0 M urea was approximately equal to the original volume of the cell suspension. After incubation for 30 min, the suspension was centrifuged as described above. The supernatant, containing the isolated PUUV-N, was recovered and stored as aliquots at Ϫ70°C. The purity of N protein was defined by polyacrylamide gel electrophoresis (Fig. 1) .
POC PUUMALA. The POC PUUMALA test uses a lateral-flow membranebased assay technology, in which the baculovirus-expressed highly purified PUUV-N antigen is immobilized on the nitrocellulose membrane. The PUUV-N antigen is purified by urea extraction from Sf9 insect cells (ATCC CRL 1711) as described previously (33) . The test result is visualized by using gold-conjugated rabbit anti-human IgM antibodies dried in the conjugate pad.
The POC PUUMALA rapid test uses a sample well and a result window (Fig.   2 ). After addition of the sample to the sample well, 2 drops of the running buffer are added. The result is detected within 5 min after addition of the running buffer by the presence (positive samples) or absence (negative samples) of the red line in the test window location marked T. The red line is formed by precipitation of the PUUV-N-specific IgM and the gold conjugate complex with PUUV-N antigen in the membrane. The control line is formed into the test window location marked C as a consequence of the reaction between the goat anti-rabbit antibody in the control line and the gold-conjugated rabbit anti-human antibody. Assay conditions. All the analyses were done under conditions recommended by the manufacturer, namely, 5 l of sample, 2 drops of running buffer, and a 5-min running time at room temperature. Additionally, assay tolerances for different sample volumes (1, 2, 5, and 20 l), different temperatures (room temperature and 37°C), and different reading times (1 to 10 mins) were defined.
Interpretation of the test results. Coded serum samples were tested and interpreted independently by four analysts who judged the results as negative, weak positive, or positive. The final results were scored as negative, very weak reactivity, weak positive, or positive by combining the results of the four analysts according to the following rules: (i) negative, when the interpretation of all four readers was negative (Ϫ, Ϫ, Ϫ, Ϫ); (ii) very weak reactivity, when two or three readers interpret the result as negative but one or two interpret it as weak positive, (e.g., Ϫ, Ϫ, Ϫ, ϩ/Ϫ or Ϫ, Ϫ, ϩ/Ϫ, ϩ/Ϫ); (iii) weak positive, when three or four readers interpret the result as weak positive and none or one as positive (e.g., ϩ/Ϫ, ϩ/Ϫ, ϩ/Ϫ, ϩ/Ϫ or ϩ/Ϫ, ϩ/Ϫ, ϩ/Ϫ, ϩ); and (iv) positive, when all readers interpret the result as positive, or two or three readers interpret it as positive and the rest interpret it as weak positive (e.g., ϩ, ϩ, ϩ, ϩ or ϩ, ϩ, ϩ, ϩ/Ϫ, or ϩ, ϩ, ϩ/Ϫ, ϩ/Ϫ)
The fingertip blood samples were obtained, tested, and interpreted as negative or positive by a laboratory technician who was trained to perform the test.
FIG. 1. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis of baculovirus-expressed PUUV-N antigen (lane 1) and molecular mass markers (LMW;
Bio-Rad Laboratories, Hercules, Calif.) (lane 2). In this experiment, ϳ1 g of the PUUV antigen was run into a 10% gel under reducing conditions. The gel was stained and destained with the Bio-Rad Coomassie brilliant blue staining system. As estimated from this gel, the level of purity in the antigen preparation is over 90%, and its molecular size is ϳ50 kDa, which corresponds to the full-length nucleocapsid protein of PUUV.
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RESULTS
Assay tolerances. Testing of deviant assay conditions showed that the test produces equivalent results to those obtained under the optimal assay conditions with as little as 1 l of sample, a 3-min assay time, and an assay temperature of 37°C. In rare cases, some of the negative samples produced a "ghost line," which caused difficulties in interpretation, when the running time was extended to 10 min or longer. Sample volumes exceeding 20 l may also cause this problem due to reduced liquid flow.
Comparison of the rapid test to reference methods. The nonfrozen serum samples (panel 1, n ϭ 103) were analyzed by the POC PUUMALA rapid test on the day they arrived at the HUCH Laboratory Diagnostics for the determination of PUUV antibodies. Of the 12 IgM-positive reference samples in panel 1, 11 were judged as clear positives and 1 was judged as a weak positive. Of 86 IgG-and IgM-negative samples, 2 gave a faint ghost line in the rapid test and were interpreted as very weak reactivity. All four samples representing old immunity (PUUV IgG positive, IgM negative) were clearly negative. One sample gave a borderline absorbance value in the IgM EIA as the reference method and was weakly positive by the rapid test. A subsequent sample from this patient, obtained 1 month later, was clearly PUUV IgM and IgG negative.
When calculating the test sensitivities and specificities, both the negative and very-weak-reactivity results in the rapid test were scored as negative whereas the weak-positive results were grouped with the positive results and scored as positive. All 12 nonfrozen reference test-positive serum samples also scored positive in the rapid test, and 86 of 87 reference test-negative samples also scored negative in the rapid test. For the POC PUUMALA rapid test with nonfrozen sera, this results in a sensitivity of 100% and a specificity of 99%.
The freeze-thawed serum samples (panel 2, n ϭ 70) were previously analyzed by reference methods in the diagnostic routine at HUCH Laboratory Diagnostics. Of 35 referencepositive PUUV IgM samples tested by the POC PUUMALA rapid test, 26 (74.3%) were interpreted as positive and 8 (22.9%) were interpreted as weak positive. One (2.9%) of the samples showed very weak reactivity, and none of the samples were interpreted as clearly negative. Of the 30 PUUV IgMand IgG-negative samples, 1 (3.3%) was interpreted as weak positive with the rapid test and two (6.6%) were interpreted as very weak reactivity, while the other 27 (90%) were clearly negative. All of the PUUV IgG-positive and IgM-negative samples (n ϭ 5) gave a clearly negative result with the rapid test. Considering that the majority of the analysts interpreted 34 of 35 confirmed negative samples as being negative and 34 of 35 confirmed positive samples as being positive, the specificity and sensitivity of the POC PUUMALA rapid test with freeze-thawed samples were each 97.1%.
The fingertip blood samples (panel 3, n ϭ 30) collected from the healthy volunteers gave negative results in the rapid test, whereas the serum-spiked fingertip blood samples gave clear positive results in all cases. Spiking was done with moderately (n ϭ 10) and highly (n ϭ 20) PUUV IgM-positive serum samples (according to EIA) by mixing serum 1:2 with the fresh fingertip blood from one volunteer.
In panel 4, which included five RF-positive sera, two of which were also PUUV IgG positive, 26 of 27 serum samples gave clear negative results in the rapid test. One serum sample, positive for both RF and PUUV-specific IgG, gave a positive result. Thus, the calculated specificity of the rapid test with panel 4 was 96.2%. After being spiked with PUUV-specific IgM serum, the four RF-positive sera gave clearly positive results in the rapid test.
DISCUSSION
PUUV is the most common cause of HFRS in Europe. According to previous studies, PUUV seroprevalence is approximately 5% in Finland, 5 to 9% in Northern Sweden, and 2% in Estonia (1, 6, 20) . PUUV infections have also been diagnosed in Russia (where outbreaks involving thousands of cases occur), Norway, Denmark, Germany, Belgium, France, The Netherlands, and Austria (12, 26) as well as in many regions of Eastern Europe and the Balkans, where another hantavirus, DOBV, causes a more severe form of HFRS. DOBV cases have been reported in Albania, Greece, Russia, Estonia, Slovenia, Bosnia-Herzegovina, and Germany (2, 4, 11, 18, 19, 21) . Hantavirus antibodies have also been found in Northern Italy and Spain by epidemiological studies (23) .
The risk of acquiring PUUV infection is dependent on the geographic location and season and is highest among farmers and forestry workers. In Finland, the incidence is highest in late autumn to early winter, although a smaller incidence peak in August is due to the urban population acquiring the disease during their summer holidays. By comparison of the seropreva- lence (5%) and disease incidence (19/100,000) figures, it has been estimated that currently only 13% of the PUUV infections in Finland are diagnosed, probably due to a mild or atypical course of the illness or lack of clinical alert (6, 32) . Since the risk of contracting PUUV infection is higher in the countryside than in urban areas, this emphasizes the need for a simple decentralized test system, which enables the laboratory diagnosis of PUUV infections at point-of-care settings.
PUUV infection causes a lifelong immunity, and the IgG antibodies can be detected for decades after the infection. In some rural areas of Finland, among elderly men the seroprevalence may exceed 50% (6) . The POC PUUMALA rapid test is very specific for PUUV IgM antibodies, thus providing a feasible diagnostic tool for acute NE cases in a population with endemic infection.
According to this first evaluation of the POC PUUMALA rapid test, nonfrozen serum samples gave better results than the freeze-thawed samples did. The other viral diseases tested did not interfere with the test result. One serum sample from a patient with RF caused a positive result, however, it should be noted that this sample was also PUUV-IgG positive. The usual problem with the freeze-thawed samples was the formation of a ghost line, which in some cases led to erroneous results. The reason for the appearance of the ghost line remains unknown since we could not point out any clinical or technical factor. It was probably caused by nonspecific binding of some serum proteins to the antigen, leading to partial blocking of liquid flow. The very-weak-reactivity result could be distinguished from the weak-positive result based on the color and shape of the test line. When the test result is truly positive, although weak, the test line is clearly red and even throughout, whereas the ghost line is uneven and nebulous.
The quality of the antigen or other critical materials or the optimization of the assay configuration may affect the specificity and sensitivity of rapid tests (10) . The sensitivity (97 to 100%) and specificity (97 to 99%) of POC PUUMALA are comparable to those of other available assays based on EIA for detection of PUUV IgM. The most reliable method has been -capture IgM EIA with either native viral antigen or fulllength recombinant PUUV-N protein expressed in Escherichia coli or in insect cells, produced either by baculovirus expression in Sf9 cells or by stable expression in Drosophila melanogaster (DES-PUU-N) cells (7, 8, 14) . All the full-length N antigens show 100% sensitivity and specificity values in the IgM test evaluations (7, 8) ; however, in IgG tests only insect cell-expressed antigens have given optimal sensitivity and specificity. In POC PUUMALA, high specificity and sensitivity were achieved by using very homogeneous recombinant protein as antigen (Fig. 1) . Reducing the purity of this preparation resulted in markedly lower analytical performance (data not shown). According to the present data, the POC PUUMALA rapid test meets the analytical requirements for the diagnosis of acute PUUV infections. The new immunochromatographybased method is cost-effective, rapid, and convenient, and its diagnostic performance is equal to that of the other methods developed for this purpose. In addition, the ability to use fingertip blood, ease of performance, and lack of need for specialized equipment or personnel suggest that POC PUUMALA is also applicable in smaller laboratories and doctors' offices.
